In the presence of Na 2 CO 3 , azaoxyallyl cations in situ generated from a-halohydroxamates with nitrones readily underwent [3 + 3] cycloaddition, and gave rise to 1,2,4-oxadiazinan-5-one derivatives in 56-99% chemical yields. The chemical structure of the title compounds was unambiguously identified by X-ray single crystal structure analysis.
Introduction
Azaoxyallyl cations represent a family of versatile and powerful synthetic synthons, which are generally in situ generated from a-halohydroxamates in the presence of organic or inorganic bases. 1 Owing to the unique structural features and reactivities of azaoxyallyl cations, some various efforts have been made to enrich the synthetic methodology of azaoxyallyl cations (Scheme 1, 1). In 2011, Jeffrey and co-workers pioneeringly reported the [4 + 3] cycloaddition between azaoxyallyl cations and cyclic dienes (Scheme 1, 1a). 2 Since then, the research groups of Jeffrey, Wu and Liao independently devised similar [3 + 2] cycloadditions of azaoxyallyl cations with differently substituted indoles for the preparation of pyrroloindolines (Scheme 1, 1b). 3 Moreover, Chen's group discovered the [3 + 1] and [3 + 2] cycloadditions of azaoxyallyl cations with sulfur ylides delivering b-and g-lactams (Scheme 1, 1c). 4 In 2016, Lin and Jeffrey's groups individually successfully applied the [3 + 2] cycloaddition of azaoxyallyl cations with aldehydes in the synthesis of oxazolidin-4-ones (Scheme 1, 1d). 5 Additionally, in the same year, Wu and co-workers established the [3 + 3] cycloaddition of isoquinoline N-oxides as cyclic nitrones with azaoxyallyl cations (Scheme 1, 1e). 6 Even though the important and elegant advances in the synthetic methodology of azaoxyallyl cations, it remains highly demanded to develop novel and efficient synthetic methodologies of azaoxyallyl cations for the synthesis of structurally diverse heterocycles.
Encouraged by the previous works on the synthetic methodology of azaoxyallyl cations, we designed the novel [3 + 3] cycloaddition of the azaoxyallyl cations in situ generated from a-halohydroxamates with acyclic nitrones as 1,3-dipoles with a purpose to prepare potentially bioactive 1,2,4-oxadiazine-5-ones (Scheme 1, 2). 7 Pleasantly, the [3 + 3] cycloaddition between azaoxyallyl cations and acyclic nitrones proceeded readily under mild reaction conditions, and gave the title target molecules in the desirable chemical yields. To the best of our knowledge, no such a work has been reported in the literature to date.
Scheme 1 Representative cycloadditions involving azaoxyallyl cations.
Results and discussion
Initially, we screened the solvent effects on the [3 + 3] cycloaddition of a-halohydroxamate 1a with nitrone 2a as outlined in Table 1 . Noticeably, the use of the different solvents signi-cantly affected the chemical yield of the [3 + 3] cycloaddition. When EtOH was tested as polar protonic solvent, product 3aa was produced in a trace amount in 48 h (entry 6). Compared with the former case, the use of TFE, toluene and DCM as solvents differently increased the chemical yield of the [3 + 3] cycloaddition (entries 2 and 4-5 vs. 6). Moreover, the signicant increase in the chemical yield of product 3aa was observed by using CH 3 CN as a polar aprotonic solvent (entry 3). Finally, the [3 + 3] cycloaddition underwent more efficiently in HFIP as a polar uorinated solvent, and provided product 3aa in the highest chemical yield (entry 1).
Then, we examined a variety of bases bearing the various basic strength to clarify their effects on the [3 + 3] cycloaddition of a-halohydroxamate 1a with nitrone 2a using HFIP as solvent as summarized in Table 2 . Remarkably, the chemical yield of the [3 + 3] cycloaddition highly depended on the used bases. As for NaHCO 3 as base, it provided 3aa in 13% chemical yield (entry 6). By comparison, the use of K 2 CO 3 , Cs 2 CO 3 and MeONa bases enhanced the chemical yield of the [3 + 3] cycloaddition differently (entries 2-3 & 7 vs. 6). As far as other examined bases such as Na 2 CO 3 , Et 3 N, KOH and DBU were concerned, they could promote the [3 + 3] cycloaddition efficiently, and delivered product 3aa in excellent chemical yields (entries 1, 4-5 & 8). Accordingly, in the presence of by Na 2 CO 3 as an inorganic base, the [3 + 3] cycloaddition proceeded most efficiently, and produced product 3aa in the highest chemical yield (98%, entry 1).
Meanwhile, we also investigated the effect of the equivalent ratio of 1a/2a/Na 2 CO 3 on the [3 + 3] cycloaddition of a-halohydroxamate 1a with nitrone 2a as shown in Table 3 . Apparently, the used equivalent ratio of 1a/2a/Na 2 CO 3 dramatically inu-enced the chemical yield of the [3 + 3] cycloaddition. The application of the ratio of 1 : 1 : 1 in the [3 + 3] cycloaddition formed product 3aa in 59% chemical yield (entry 1). In regard to the ratios such as 1.5 : 1 : 1.5, 1 : 1.5 : 1 and 1 : 2 : 1, they provided product 3aa in the increased chemical yields (entries 1 vs. 2 & 4-5). Moreover, it was found that product 3aa was obtained in excellent chemical yields with the use of ratios of 2 : 1 : 2 and 2 : 1 : 1 in the [3 + 3] cycloaddition (entries 3 & 6) . Noticeably, among all the screened ratios of 1a/2a/Na 2 CO 3 , the ratio of 2 : 1 : 2 should be the most optimal for the [3 + 3] cycloaddition, and furnished product 3aa in 98% chemical yield (entry 3).
Finally, we broadened the reaction scope of the [3 + 3] cycloaddition under the optimal reaction conditions by employing structurally different a-halohydroxamates 1 and nitrones 2 as summarized in Table 4 . Obviously, the variations of R 1 -R 4 groups of substrates 1 and 2 signicantly affected the chemical yield of the [3 + 3] cycloaddition. Nitrones 2a-2l reacted easily with 1a bearing two methyl groups at the aposition, and gave products 3aa-3al in 76-99% chemical yields (entries 1-12). Basically, with respect to the [3 + 3] cycloaddition with 1a, the nitrones 2 could well tolerate the existence of electron-poor or electron-rich phenyl rings as R 3 group, and furnished products 3 in excellent chemical yields (entries 2-4, 8 and 9, 11 and 12). Moreover, the nitrones 2b, 2e and 2g, involving a 4-, 3-or 2-MeO-substituted phenyl ring as R 3 group respectively, afforded products 3ab, 3ae and 3ag in the quite different chemical yields in [3 + 3] the cycloaddition with 1a (entries 2, 5 & 7); in contrast, the nitrones 2d, 2f and 2h, including a 4-, 3-or 2-Cl-substituted phenyl ring as R 3 group individually, provide products 3ad, 3af and 3ah in the same chemical yields (entries 4, 6 & 8) . Simultaneously, the nitrones 2 well endured the varying bulky size of R 3 and R 4 groups in the cycloaddition with 1a, and gave the corresponding products 3 in 77-99% chemical yields (entries 13-17). By comparison, in the cycloaddition with 2a, the a-halohydroxamates 1 could not widely tolerate the structural change of R 1 and R 2 groups. For example, the [3 + 3] cycloaddition of substrates 1b or 1d with 2a did not take place at all (entries 18 & 20); however, substrates 1c and 1e could well react with 2a, and furnished products 3ca and 3ea in 92% and 56% chemical yields, respectively (entries 19 & 21). In addition, we performed the [3 + 3] cycloaddition of a-halohydroxamate 1c containing a cyclohexyl subunit with the nitrones 2 with different R 3 or R 4 groups, and discovered that all these [3 + 3] cycloadditions proceeded ready to form products 3 in the reasonable chemical yields (entries 23-27). Finally, the chemical structure of 3ad was unambiguously determined by single crystal X-ray analysis as depicted in Fig. 1 . Finally, we proposed the reaction mechanism for the formation of 3ad (Scheme 2). In the presence of Na 2 CO 3 , the elimination reaction of 1a takes place to give azaoxyallyl cation 4. Then, two possible transition states TS1 and TS2 will be produced for the [3 + 3] cycloaddition between 4 and 2d. With the aid of the molecular model, it was found that in TS2 phenyl group at nitrogen atom of 2d sterically repulses a-methyl group of 4 severely; whereas, this strong destabilizing interaction does not exist in TS1 at all. Therefore, the transition state TS1 is more stable than the transition state TS2, and mainly accounts for the formation of the desired cycloadduct 3ad. 1b (H, Et, Br) 
Conclusions
In conclusion, the [3 + 3] cycloadditions of in situ generated azaoxyallyl cations with nitrones underwent efficiently, and provided an easy access to the novel potentially bioactive 1,2,4-oxadiazinan-5-ones in reasonable chemical yields. Furthermore, the exploration of other novel cycloadditions of azaoxyallyl cations with various 1,3-, 1,4-and 1,5-dipoles is ongoing in our organic lab, and will be reported in due course. C NMR) and calibrated using tetramethylsilane (TMS) as internal reference. High resolution mass spectra (HRMS) were recorded under electrospray ionization (ESI) conditions. The melting point of compounds was determined by a melting point instrument. Flash column chromatography was performed on silica gel (0.035-0.070 mm) using compressed air. Thin layer chromatography (TLC) was carried out on 0.25 mm SDS silica gel coated glass plates (60F254). Eluted plates were visualized using a 254 nm UV lamp. Unless otherwise indicated, all reagents were commercially available and used without further purication. All solvents were distilled from the appropriate drying agents immediately before using. a-halohydroxamates 1a-1e and a-haloamide 1f and nitrone 2a-2q were prepared according to literature procedures.
Experimental section
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2,3c,9
Procedure for the synthesis of products 3
A mixture of a-halohydroxamate 1 (2.0 equiv., 0.2 mmol), nitrone 2 (1.0 equiv., 0.1 mmol) and Na 2 CO 3 (2.0 equiv., 0.2 mmol) in 0.5 mL of HFIP was stirred at room temperature for 1 h. Aer the reaction was completed as indicated by TLC plate, the solvent was removed by evaporation and the crude product was puried by ash column chromatography on silica gel (petroleum ether/ethyl acetate ¼ 15 : 1) to afford the pure products 3 as white solid (56-99% yields).
4-(Benzyloxy)-6,6-dimethyl-2,3-diphenyl-1,2,4-oxadiazinan-5-one (3aa). White solid, yield: 38.0 mg, 98%; mp ¼ 110. 8 
4-(4-(Benzyloxy
)-6,6-dimethyl-5-oxo-2-phenyl-1,2,4-oxadia- zinan-3-yl)benzonitrile (3ak
